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Black as Coal, Dense as Zinc 


HE new planet resembles the 
earth and the other inner planets 
in size and brightness more nearly 
than it does its huge closer neighbors, 
Jupiter, Saturn, Uranus and Neptune, 
Dr. John Q. Stewart, Princeton as- 
tronomer, told Science Service. 
Black as coal, nearly as dense as 
iron, twice as dense as the heaviest 
So Dr. Stew- 


art’s estimates reveal the new planet. 


earthly surface rocks. 


Because of the great pull of gravity 
shown by Dr. Stewart’s figures, a man 
there could jump less than half as far 
as he could here on the earth. 

From the observations showing the 
planet to be of the fifteenth magni- 
tude, and the prediction of Prof. 
Lowell that it would have about seven 
times the mass of the earth, Dr. 
Stewart has made a preliminary cal- 
culation of some of the planet’s char- 
acteristics. 

“The planet is very faint,”’ he said. 
“At the same distance from the sun 
and earth, Neptune would be about 
sixty times brighter. Only Mercury 
and Mars would be fainter. Either 
Lowell's predicted mass is not strictly 
correct or the planet is very dense or 
very black.” 

Dr. Stewart's tentative results make 
the planet’s density between six and 
seven times that of water; its diam- 
eter 14,000 miles; its angular diameter 
seventeenths of a second of arc, or 
about a twenty-five hundredth the ap- 
parent diameter of the moon; the 
force of gravity on its surface more 
than twice that of the earth, so that 
with a spring balance a 150-pound 
man would weigh something like 325 
pounds on the planet. He also esti- 
mates that it reflects about four per 
cent of the light falling on it, so that 
it would be little brighter than a coal 
pile. 

Confirmation of the Lowell Obser- 
vatory’s discovery of the trans-Nep- 
tunian planet has been obtained in 
photographs made at the Steward Ob- 
servatory of the University of Ari- 
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The Asteroids—1500 or more tiny bodies a few 
miles in diameter at an average distance 
from the sun of 258,000,000 miles. 

Jupiter....... 483.3 11.86 86,728 9h. 55 m. 

Saturn........ 886.1 29.46 72,430 10h. 14m, 

Above planets, except asteroids, all known since 

ancient times. 

Uranus....... 1782.8 84.02 30,878 10 h. 45 m. 

Discovered by Sir William Herachel in England, 

March 13, 1781. 

Neptune..... 2793.4 164.79 32,932 

First recognized as planet by J. G. Galle in Ger- 

many, September 23, 1846. 

New planet. 4000.0 282.00 14,000 unknown 

announced by Lowell Observatory 

Values in italics not certain. 


unknown 


Discovery 
March 138, 1930. 








The Answer Is 
In This Issue 


Who discovered the new planet? p 
179—How did he get started in astron- 
omy? p. 179—How fast does the 
planet move? p. 179—What is the im- 
portance of the planet’s discovery? p. 
180—Who first discovered a planet? 
p. 180—How many planets are now 
known? p. 180—Are there any more 
beyond? p. 180—Who predicted the 
planet’s position ? p. 181—Was the pre- 
diction of Neptune or the new planet 
more difficult? p. 182—What ancient 
American road has recently been ex- 
plored? p. 183—What is the present 
price of helium? p. 184—When was 
Philadelphia ruined? p. 185—Why is 
John Couch Adams not recognized as 
the first discoverer of Neptune? p. 186 
—Does an octupus like musk? p. 187 
—For what is milkweed useful? p. 189 
—How long ago did man appear in 
America? p. 189—What astronomical 
body besides the planet has just been 
discovered? p. 190—What is Milli- 
kan’s latest book? p. 191—Where can 
one secure material for a debate on 
the thirteen month calendar? p. 191. 


zona. The natural skepticism with 
which the scientific world always 
greets any discovery of such impor- 
tance will now largely be dispelled by 
this independent observation. ‘ 

The first photograph was obtained 
by E. F. Carpenter with the observa- 
tory’s three-foot reflecting telescope 
on Saturday, March 15. As the 
planet could rot be identified by the 
character of its image on the plate, it 
was necessary to take a second photo- 
graph on a later night, in order to 
determine which object had moved. 
Stormy weather delayed taking of the 
second plate until Monday night, 
March 17. 


Naming the Planet 


Naming the trans-Neptunian planet 
is the next problem of astronomers, 
and numerous suggestions have been 
made, which may or may not be fol- 
lowed. One of the most obvious sug- 
gestions is to name it Lowell after 
the astronomer who predicted where 
it would be found; just as Uranus 
was known for a time in England as 
Herschel and Neptune in France as 
Leverrier. Herschel himself suggested 
Georgium Sidus after the reigning 
king, and a parallel is the suggestion 
that the new planet be named Hoover. 


But as a good Harvard man, Low- 
ell himself would probably have pre- 
ferred a classical name, in accordance 
with the other planets. Kronos was 
one of the first suggestions in this 
class, after the Titan who was the son 
of Uranus and father of Jupiter. 
But Kronos was identified by the Ro- 
mans with Saturn, so it would prob- 
ably not be fair to put him in twice. 
Another son of Saturn, Neptune, is 
already in the sky, so another sug- 
gestion is that the planet be named 
after the third brother, Pluto. One 
appropriate name that has been sug- 
gested is Minerva, because it was by 
the wisdom of man, of which she was 
the patron goddess, that the planet 
was located. 
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ptunian Planet 


Lowell Observatory Confirms Its Founder’s Prediction 


By Dr. V. M. Slipher 
Director, Lowell Observatory 
HE Lowell Observatory has made 
the discovery of a celestial body 

whose rate of motion and path 
among the stars indicates that it 1s 
a new member of the sun’s family of 
planets out beyond Neptune. 

Twenty-five years ago, Dr. Perci- 
val Lowell, director and founder of 
the Observatory at Flagstaff, Ariz., 
began a mathematical investigation 
for a planet beyond Neptune, based 
upon certain unaccounted for mo- 
tions of the planet Uranus. The 
problem of locating such a body in 
the heavens was a very difficult one, 
and involved an enormous amount of 
intricate computations. In 1914 he 
announced in an extensive memoir as 
a result of his mathematical work, 
the position of the predicted body. 

The search of the sky directed by 
Dr. Lowell’s theoretical investigation 
was begun by photography in 1905 
and has been continued with inter- 
ruptions to the present time. Use 
has been made of the best available 
instruments covering that band 
around the sky in which the planets 
travel. [Early in 1929 the new Law- 
rence Lowell telescope, a special in- 
strument for the research, was put 
in operation. 

Some weeks ago Mr. C. W. Tom- 
baugh found an object on his plates 
with this telescope, which has since 
been followed carefully also with the 
Lowell forty-two inch reflector, by 
C. O. Lampland. It has been ob- 
served visually with the large refractor 
by the various members of the Lowell 
Observatory staff. 

The object is now (March 13) 
about twelve seconds west from 
delta Geminorum, westward motion 
about two seconds per day. The 
position of the new object sub- 
stantially agrees with Lowell’s pre- 
diction of its position and distance. 
Due to the very great distance of 
this body and its consequent small 
apparent size even in a large tele- 
scope it has been necessary in learn- 
ing of its nature to rely almost 
wholly upon a critical analysis of its 
motion during the past seven weeks 
covered by the observations. It will 
therefore be necessary to continue 
observation of it for months in order 
to learn its orbit and period and 
true nature. 


Science News-Letter, March 22, 1930 





The discovery of a new planet beyond 
Neptune by Lowell Observatory is one of 
astronomy’s outstanding discoveries. The 
year 1930 will be remembered for the de- 
tection of the ninth planet. 

The diagram shows the relative distance 
of the new planet from the sun. From 
the sun outward, the unlabeled planets 
are: Mercury, Venus, Earth, Mars. 


| new PLANET 
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A cranberry placed 3%, miles from a 
globe two feet in diameter make a model 
of the new planet in relation to the sun. 
Mercury, innermost planet, would be rep 
resented by a mustard seed 82 feet from 
the two foot globe representing the 
sun; Venus by a pea at 142 feet; the 
earth by a little larger pea at 215 
feet; Mars by a grain of corn at 327 
feet; the asteroids by 1500 or more 
grains of dust and sand scattered in a 
circle about 700 feet away; Jupiter by 
an orange at a quarter of a mile; Saturn 
by a small orange at 2/5 of a mile; 
Uranus by a cherry at 1%, mile. The 
nearest star would be represented by a 
globe a foot or more in diameter at 
7500 miles. 








By Clyde W. Tombaugh 
Discoverer of New Planet 


N searching for the new planet | 

was carrying out a systematically 
arranged program and was fortunate in 
being assigned to this work with the 
splendid new Lowell photographic tele- 
scope. I was determined to examine 
the ecliptic thoroughly and carefully 
all the way around the sky. In the 
course of several months of arduous 
research | had been ever expecting to 
find the new planet predicted by Prof. 
Lowell. 

Examination of plate after plate 
failed to reveal it, but many asteroids 
and variable stars were found. I had 
figured out just how the object sought 
for should appear. The ecliptic sur- 
vey was nearly half completed when 
one day I found an object on my 
plates that fulfilled expectations. Al- 
most instantly I felt that it was the 
one looked for, and, of course, felt 
greatly elated. I was reminded of my 
sister's class prophecy back in high 
school days. 

The work on the planet, however, is 
far from finished. Now that it is 
found, the elements of its orbit, and 
much else concerning it, must be 
learned, so doubtless it will be a much 
observed object. I am not a mathe- 
matician, and so the work on the 
planet is being carried on largely by 
the senior members of the observatory 
staff. 

[ was born February 4, 1906, near 
Streator, Ill., the son of Muron and 
Della Tombaugh; received my ele- 
mentary education in the rural schools 
and attended Streator High School for 
two years. The family moved to 
Kansas in 1922, where I assisted my 
father in raising wheat. I was gradu- 
ated from Burdette High School in 
1925. 

Since then my summer seasons were 
given to farming, my winters to con- 
structing reflecting telescopes. During 
recent years much of my spare time 
was spent in observing with my tele- 
scopes and reading astronomical books. 
In January, 1929, I came to the Lowell 
Observatory and commenced work 
with the telescope with which the new 
planet was discovered. 

Science Newa-Letter, March 22, 1980 


New York home-making experts 
recommend molasses for children’s 
sweets because of its rich content of 
iron and calcium. 
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Astronomers Acclaim New Planet 


By Dr. Harlow Shapley 
Harvard College Observatory 


a report from Flagstaff of the 
discovery of a faint, slow-moving 
object which can most reasonably 
be interpreted ninth major 
planet of the solar system again em- 
phasizes man’s ability to see beyond 
his power of vision and to grasp 
what lies beyond his reach. Astron- 
omy is rich in similar feats of pre- 
diction, but probably no prediction, 
except the forecasting years in ad- 
vance of the exact place and time 
of a total solar eclipse, appeals so 
average man as this 


as a 


much to the 
extension of the bounds of our own 
solar system. 

The existence of the companion ot 
the bright star Sirius was known 
from theory long before it was first 
glimpsed with a powerful telescope 
Many stars vary in brightness in 
such a manner that mathematical 
analysis demonstrates the existence 
of companions that never have been 
seen, 

The most astronomical 
prediction was, of course, the one 
that led to the discovery of Neptune 
in 1846, in much the same way as 
Lowell’s computations of fifteen 
vears ago now lead to the detection 
of a body that may be a major mem 
ber of the sun’s family. 


famous 


Professor Percival Lowell and 
Professor William Pickering of Har- 
vard have been the most active 
among the many astronomers who 
have felt certain that the residual 
irregularities in the motion of the 
outer planets were definite proof of 
the existence of one or more outly- 
ing companions. 

lo astronomers, 
most significant in its bearing on 
theories of the origin of the plane- 


the discov ery is 


tary system and on the past history 
of the sun. 
* ? ) . My el were. 
Other Planets Foreseen 
By Dr. Frank Schlesinger 
Director, Yale Observatory 
The detection of a planet beyond 
Neptune constitutes one of the great- 
est discoveries in the history of astron- 


omy. If this planet was found near 


the place predicted by the late Percival 
Lowell the discovery constitutes a great 
triumph for him and also for the pres- 
Lowell Observatory. 


ent staff of the 
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Clyde W. Tombaugh, discoverer of the 
new planet 


To find so faint an object is an ex- 
tremely difficult task and reflects great 
credit on Dr. Lampland and Dr. Sli- 
pher. It is easy to predict that other 
planets still farther from the sun re- 
main to be discovered but their detec- 
tion will be exceedingly difficult be- 
cause it is to be expected that they 
will be fainter than the object now 
announced by the Lowell observers. 


The History of Planets 


For the third time in the history 
of the world, the research of astron- 
omers has revealed a new member 
of the solar system—the family of 
bodies, large and small, that revolve 
around the parent sun from which 
they were born many ages ago. To 
Professor Percival Lowell, born in 
Boston on March 13. 1855. belongs 
the credit, though he died on No- 
vember 12, 1916, and now rests in 
a stone mausoleum at the observa- 
tory he founded, close to the dome 
of the great telescope with which he 
did his work. At this observatory, 
at Flagstaff, Arizona, his successors, 
under the leadership of Prof. V. M. 
Slipher, have located the new planet, 
close to the place in the heavens 
where the founder’s researches pre- 
dicted that it would be. 


Prof. 


was born on the 74th anniversary 


Curiously enough, Lowell 
of the first modern planetary dis- 
that of Uranus by Sir Wil- 
liam Herschel on March 13, 178}. 
With a peculiar sense of the fitness 
of things, Dr. Slipher chose March 
13, 1930, 75th anniversary of Lowell’s 
birth and 149th anniversary of the 
discovery of Uranus, to announce to 


Ce very 


the world that Prof. Lowell’s predic- 
tion had been correct. 


September 23, 1846, brought the 
eighth major member of the solar 
system to the attention of astrono- 
mers, and from that time to now, 
no additions have been made. But 
this is probably not the last. The 
failure of Uranus to move exactly as 
expected led astronomers to explain 
the discrepancies as due to the gravi- 
tational attraction of an unknown 
planet beyond. [rom these studies 
the position of Neptune was pre- 
dicted and the planet was found. As 
many more years of observations of 
Uranus became available, still other 
discrepancies appeared, discrepancies 
which Lowell studied and used, as 
we now know, to such good advan- 
tage. As Uranus, Neptune and the 
new planet itself are studied in more 
detail, and have moved farther in 
their slow plodding course, other 
discrepancies, which are now vaguely 
glimpsed, will appear and still other 
planets—the tenth and perhaps the 
eleventh and twelfth, will be discov- 
ered. But each will be more difficult 
than the last, and it may be that the 
most distant planets will forever con- 
tinue to move around the sun, unsus- 
pected by earthly man. 

Sir William Herschel was a musi- 
cian at fashionable Bath, in England, 
when he became interested in astron- 
omy. He made a number of tele- 
scopes, ail reflectors, with dish- 
shaped mirrors to bring the rays of 
light to a focus. Finally, on the 
night of March 13, 1781, he came 
home from a concert and, according 
to his habit, went out to the back of 
his house where he and _ his sister 
Caroline swept the skies. Then he was 
using a little telescope with a mirror 
only seven inches in diameter. Sweep- 
ing through the constellation of the 
twins, now high in the western sky, and 
the same group (Turn to page 186) 
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The Prediction of the New Planet 
—A Classic of Science 


MEMOIR ON A TRANS-NEP- 
TUNIAN PLANET, by Percival 
Lowell. Memoirs of the Lowell Ob- 
servatory, Vol. 1, No. 1. Lynn, Mass. 
1915. 

1. Ever since celestial mechanics 
in the skillful hands of Leverrier and 
Adams led to the world-amazed dis- 
covery of Neptune a belief has ex- 
isted begotten of that success that still 
other planets lay beyond, only waiting 
to be found. Leverrier himself, with 
the far-sight of genius, was firmly of 
this view, though unfortunately over- 
sanguine of the happy date of its dem- 
onstration. In consequence since his 
time many attempts have been made to 
indicate the position of one or more 
of these unknowns, attempts for the 
most part of no scientific value be- 
cause not founded on rigorous mathe- 
matical investigation. For so compli- 
cated is the problem that ail elemen- 
tary means of dealing with it lead only 
to error. The sole road to any hope 
of capture lies through the methodical 
approach of laborious analysis. 

Not only are all summary processes 
worse than useless, engendering false 
ideas in their conclusions, even a sup- 
posed proximate analysis proves not 
to be approximate in its results. Thus 
the simplifying of the problem by the 
assumption of a circular orbit for the 
unknown, originally suggested by Tis- 
serand and worked out in the present 
case with all due reserve by M. Gail- 
lot, and more or less likewise by M. 
Lau, betrays intrinsic evidence of in- 
adequacy. For M. Gaillot reduces the 
mean of the outstanding squares of 
the residuals only from 1.04 to 0.88, 
which, considering that the admissior 
of a disturbing body must necessarily 
reduce them is self-confessedly hardly 
a satisfactory solution. 

Still more questionable is the at- 
tempt to explain planetary irregulari- 
ties on the supposition of two un- 
knowns, both traveling in circles; as 
we have no guarantee that the habit 
of either body is of this obliging sim- 
plicity. In fact, there is a distinct an- 
tecedent probability that it is not. 

2. To any real solution, the prob- 
lem must be attacked analytically with 
all the rigor possible. Before entering 
upon such an investigation it is well 
to state the problem generally, show- 
ing the data upon which it rests and 


Astronomy 


the limitations to which it is necessa- 
rily subject. For lack of appreciation 
of these points has led to mistaken 
ideas of what is or is not possible. 

3. The theory of a planet cannot 
in the nature of things be exact; and 
this for three reasons: 

(1) the observations on which it is 
founded are necessarily more or less 
in error; (2) the theory itself may 
be more or less imperfect; (3) an 
unknown body may be acting of which 
perforce no account has been taken. 
The latter is a particularly insidious 
pitfall inasmuch as the greater part of 
the disturbance it causes can be con- 
cealed by suitable changes of the dis- 
turber’s elements in the following way : 

Since the biggest terms in the per- 
turbation are those arising from terms 
of long period or terms having nearly 
the period of the disturbed body, these 
can in large part be thrown upon the 
mean motion, the epoch, the eccen- 
tricity and the place of the perihelion 
of the disturbed body. For a long 
period term in the perturbation has 
for a century or so nearly the same 
effect as an alteration in the mean 
motion or in the epoch or both; while 
one having nearly the period of the 
perturbed planet may similarly be rep- 
resented by altering the supposed ec- 
centricity or perihelion place of the 
latter. Not only may these terms so 
be accounted for; by the process of 
solution adopted they must necessarily 
be. For the corrections of the ele- 
ments are obtained from the observa- 
tional equations themselves by the 
method of least squares. 

Consequently the residuals left by 
the theory are not at all the outstand- 
ing perturbations, but only such small 
part of them as cannot be got rid of 
by suitable shuffling of the cards. We 
have then no guarantee that our sup- 
posed elements are the real ones, but 
only the best attainable under the as- 
sumption that no unknown exists. 
Every theory of a planet is thus onen 
to doubt, seeming more perfect than 
it is. It has been legitimately juggled 
to come out correct, its seeming cor- 
rectness concealing its questionable 
character. 

4. The test of the existence of an 
unknown body thus left out of ac- 
count lies in the substantial reduction 
of the outstanding residuals of the 


theory by its subsequent admission. 
The reduction must be substantial to 
be indicative, because a slight better- 
ment necessarily follows the introduc- 
tion of another factor among the ad- 
justable quantities. 

8. At the present time no such sim- 
ple problem confronts us. We cannot 
use Neptune as a finger-post to a 
trans-Neptunian as Uranus was used 
for Neptune because we do not pos- 
sess observations of Neptune far 
enough back. A disturbed body must 
have pursued a fairly long path be- 
fore the effects of perturbation detach 
themselves from what may be well 
represented by altering the elements of 
the disturbed. Neptune has not been 
known long enough to do this. Analy- 
sis of its residuals, made in the course 
of this investigation, yielded no ra- 
tional result. 

Secondly, in 1845 the outstanding 
irregularities of Uranus had reached 
the relatively huge sum of 133”. To 
day its residuals do not exceed 4”.5 at 
any point of its path. 

9. Adams’ method was direct and 
masterly ; Leverrier’s, equally original, 
was simpler and more complete. 

10. Originally the above course 
[ Leverrier’s] was pursued in the pres- 
ent investigation, but with extensions 
in the number and character of the 
terms calculated in the perturbation in 
order to render it more complete. The 
residuals used were those of Lever- 
rier’s theory of Uranus of 1873, 
brought up to 1906 by the Greenwich 
observations. The outcome was very 
satisfactory, indicating an unknown 
body in 

longitude 244° at 1912.0 

11. In 1912. the subiect was con- 
tinued by solving again with Gaillot’s 
residuals in place of Leverrier’s. Gail- 
lot’s theory is to be found in the 
Annales of the Paris Observatory, 
Vol. 28, and in addition to its gen- 
eral excellence has two qualities which 
specially commend it. The first is 
that the adopted masses of the several 
planets concerned are probably the 
best we possess today, having been 
taken with great judgment by M. 
Gaillot. The full merit of this can be 
appreciated only by those familiar with 
most works on celestial mechanics, in 
which, after excellent analytical solu- 
tions, values of (Turn to page 182) 
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the quantities involved are introduced 
on the basis apparently, of the respect 
due to age. Nautical Almanacs abet 
the practice by never publishing, con- 
sciously, contemporary values of astro- 
nomic constants; thus avoiding com- 
mittal to doubtful results by the simple 
expedient of not printing anything not 
known to be wrong. 

His second mark of merit is in giv- 
ing the residuals between his theory 
and observations. 

With Gaillot’s residuals, values for 
the longitude came out, according to 
the terms included in the perturba- 
tions, changed elimination equations, 
etc., as 

209° and 203° for Jan. 1, 1912; 
on the whole, a corroboratory result. 


In the present case, it seemed ad- 
visable to pursue the subject in a dif- 
ferent way, longer and more laborious 
than these earlier methods, but also 
more certain and exact; that by a true 
least-square method throughout. When 
this was done, a result substantially 
differing from the preliminary one was 
the outcome. It both shifted the mini- 
mum and bettered the solution. In 
consequence, the whole work was done 
de novo in this more rigorous way, 
with results which proved its value. 

14. This investigation we shall now 
give in detail. The work was done in 
duplicate, and as a further check, 
wherever possible, the functions in- 
volved were plotted so that any im- 
portant deviation from their proper 
curves could be detected at sight. Be- 
sides the outcome from the stand- 
point of accuracy, the procedure dis- 
closed the fact that points of com- 
mensurable period introduce no dis- 
continuity into the perturbative func- 
tion. , 

[There follow 90 pages of tables, 
formulae and computations.—Ed. | 

Conclusions 

62. Assembling the various 
tions, got by considering such diverse 
terms and in such different ways, we 
are first struck by the general con- 
cordance the results exhibit. This is 
significantly displayed in the several 
sets of elements, in the comparatively 
close resemblance of the excentricities, 
masses, perihelion places and mean 
longtitudes of the epochs deduced. 
Even the resulting heliocentric longi- 
tudes of the unknown for a given 


solu- 


date, July 0, 1914, come out in rather 
striking accord. 

That they are not more so will per- 
haps be one’s second thought. But 
when we look into the matter more 
closely, we begin to realize some rea- 
Even in his problem 


son for this. 


Leverrier discovered that his prelimi- 
nary solution was entirely altered by 
the omission of two apparently trifling 
terms. Much more then should this 
be the case in the present investigation 
where we are perforce obliged to neg- 
lect terms, the coefficients of which 
we know to be large. . We should 
rather expect, then, disheartening dis- 
cordance from the second order re- 
sults; but such is not the case. . . 

65. That Leverrier’s solution gave 
him limits which were erroneous shows 
how necessary to a full comprehension 
of the problem is the rigorous and 
more complete method of solution. 
This does not detract from the great 
analytical skill displayed by both 
Adams and Leverrier in their mast- 
terly attack on the problem. That 
alone deserved success. Why it at- 
tained it is nevertheless a cause for 
some surprise, for Leverrier left out 
terms bigger than two he retained. 
The explanation would seem to lie in 
the nearness of Neptune and the near 
circularity of its orbit. Neptune turns 
out to have been most complaisant and 
to have assisted materially to its own 
detection. 

How important the circularity or 
non-circularity of the orbit is to the 
finding the unknown may be seen 
from Gaillot’s circular solution which, 
although it gives a major axis for X 
(45 astr. units) not inconsistent with 
that from the elliptical one, is entirely 
discordant (295°) with the latter when 
it comes to assigning the present posi- 
tion of the perturbing body. 

66. It becomes pertinent here to 
note what both Leverrier and Adams 
considered a satisfactory betterment 
of the Uranian residuals, and which in 
view of the then relatively imperfect 
theories of the other planets it cer- 
tainly was. The sum of the squares 
of the residuals left by Adams’ theory 
was 348, and by Leverrier’s, 615. This 
was an enormous improvement on 
Bouvard’s, or even on Bouvard’s cor- 
rected by Leverrier. Yet both are 
much larger than the sum with which 
we at present start as our initial data. 

The solutions indicate the place of 
the perturbing matter supposing it 
represented by a single body which is 
the only practical and workable sup- 
position. For though other bodies 
doubtless exist beyond, their effect is 
not likely, owing to distance, to be 
such as seriously to modify the pri- 
mary solution. If the matter should 
be distributed in an asteroidal ring, 
although the theory would remain 
correct, the matter itself would escape 
recognition. 

Finally it is vital to notice how it 


is the far residuals that give us in- 
formation of the presence of an un- 
known not the near ones. These have 
been made small by proper shift of 
the elements of the perturbed body 
and can always be so minimized. It 
is only the distant ones which cannot 
be thus reduced and which therefore 
constitute our guideposts in the case, 
68. But that the investigation opens 
our eyes to the pitfalls of the past 
docs not on that account render us 
blind to those of the present. To be- 
gin with, the curves of the solutions 
show that a proper change in the 
errors of observation would quite 
alter the minimum point for either the 
different mean distances or the mean 
longitudes. A slight increase of the 
actual errors over the most probable 
ones, such as it by no means strains 
human capacity for error to suppose, 
would suffice entirely to change the 
most probable distance of the disturber 
and its longitude at the epoch. Indeed 
the imposing “probable error” of a 
set of observations imposes on no one 
familiar with observation, the actual 
errors committed, due to systematic 
causes, always far exceeding it. 

In the next place the solutions them- 
selves tell us of alternatives between 
which they leave us in doubt to de- 
cide. If we go by residuals alone, we 
should choose those solutions which 
have their mean longitudes at the 
epoch in the neighborhood of 0°, since 
the residuals are there the smallest. 
But on the other hand this would place 
the unknown now and for many dec- 
ades back in a part of the sky which 
has been most assiduously scanned. 
while the solutions with epoch around 
180° lead us to one nearly inaccessi- 
ble to most observatories, and, there- 
fore preferable for planetary hiding. 
Between the elements of the two, there 
is not much to choose, all agreeing 
pretty well with one another. 

Owing to the inexactitude of our 
data, then, we cannot regard our re- 
sults with the complacency of com- 
pleteness we should like. Just as La- 
grange and Laplace believed they had 
proved the eternal stability of our 
system, and just as further study has 
shown this confidence to have been 
misplaced; so the fine definiteness of 
positioning of an unknown by the 
bold analysis of Leverrier or Adams 
appears in the light of subsequent re- 
search to be only possible under cer- 
tain circumstances. Analytics thought 
to promise the precision of a rifle and 
finds it must rely upon the promis- 
cuity of a shot gun after all, though 
the fault lies not (Turn to page 190) 
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Maya Stone Road Links Two City Ruins 


By Captain Robert R. Bennett 

An ancient stone road or causeway, 
now swallowed by the jungle, runs 
69 miles due magnetic east and west 
between the two unexplored Maya 
city ruins, from Coba in the east to 
end abruptly at Yaxuna. Chichen 
Itza, the best known Maya ruin, is 
seven miles northeast of Yaxuna as 
the crow flies. 

Our expedition of the Museum of 
the American Indian, Heye Founda- 
tion of New York City, has just re- 
turned from the ancient land of the 
Maya in Mexico. We discovered the 
destination of this remarkable stone 
road, or sacbe as the Maya call it, 
which previous investigators reported 
leaving Coba and running westward 
into unknown forest growth. 

My companion, Crawford Johnson 
of Washington, and myself, who with 
half a dozen Indians and necessary 
pack mules formed the expedition, 
penetrated the bush where no white 
explorer had hitherto trodden. We 
first visited Coba, a known but slightly 
explored Maya city which Col. 
Charles Lindbergh and his compan- 
ions saw from the air last fall during 
their airplane explorations of the an- 
cient domain of the Maya. Not more 
than half a dozen white men have 
previously visited this ancient ruins. 
Among them were Dr. A. V. Kidder, 
of the Carnegie Institution of Wash- 
ington, who with George G. Heye of 
the Heye Foundation, suggested to 
me the desirability of exploring the 
elevated stone highway leading from 


the city. Dr. T. W. F. Gann, British 
explorer, Dr. Sylvanus G. Morley 
and J. Eric Thompson, American 
archeologists, and Ernest L. Cran- 


dall, American photographer, are 
other white men who have seen this 
ruined city. Our objective was not 
the exploration of the city although 
we did find that there are four lakes 
there instead of the two commonly 
supposed to be in its vicinity. 

Only a few years have elapsed 
since archzologists challenged the 
very existence of old stone roads in 
the Maya area. A search into the 
literature shows that the stone roads 
were first mentioned in Stephens’ 
“Travels in Yucatan,” published in 
1843. This pioneer wrote: 

“There is a tradition of a great 
paved way made of pure white stone 
called in the Maya language, Sacbe, 
leading from Kabah to Uxmal on 
which the lords of those places sent 


messengers to and fro bearing letters 
written on the leaves and bark of 
trees.” 

He states further, after a 
hearsay description of Coba and a 
temple there: “From this edifice there 
is a calzada or a paved road of 10 
or 12 yards in width running to the 
westward to a limit that has not been 
discovered with certainty but some 
aver that it goes into the direction 
of Chichen Itza.” 

Even Dr. Gann, as late as 


brief 


1926 


when he visited Coba, concluded from 
hearsay evidence obtained from na- 
tives that the stone road leaving Coba 
Chichen Itza. 

Sylvanus G. 


ran to 


But Dr. Morley, of 





Maya stone road in the jungle near 
Capt. Bennett’s camp number seven. 


the Carnegie Institution, assures me 
that no stone road enters Chichen 
Itza and our exploration showed con- 
clusively that the roads runs from 
Coba to Yaxuna. Indeed, one is 
forced to the conclusion that the road 
we explored was built before the 
magnificent Chichen Itza was erected. 
This means that the road is probably 
nearly two thousand years old. 
Conditions in the land of the Maya 
are much as they were a century or 
so ago when Maya ruins first at- 


tracted attention, except that mule 
trains now penetrate the thick forests 
bringing to civilization the one com- 
mercial product of Quintana Roo. 
This is chicle, from which is made 
America’s popular chewing gum. 
Only a few years have passed since 
the hostility of the Indian natives, 
descendants of the old Maya, has 
turned to friendship. 

A lack of water in the jungle re- 
gion has been a great deterrent to 
exploration. I was warned by Indians 
and others that it was dangerous to 
venture off into the wild regions from 
Coba and Yaxuna without carrying 
many kegs and tins of water trans- 
ported on mule back. Frequently 
Indians refused to cut their way 
along the ancient stone road extend- 
ing into the wilderness. They de- 
manded plentiful supplies of water. 
Our exploration was made easier by 
the fact that we discovered four 
cenotes or deep pools of water in the 
coral rock, located about 10 miles 
apart. But for these happy water 
holes, previously unknown, we would 
have been greatly inconvenienced. 

It is evident that the stone road 
that we explored was built for cere- 
monial purposes. It lies straight 
east and west as though a master en- 
gineer had laid it out. Ruins of 
magnificent temples are strewn along 
the road. We found one that un- 
doubtedly had never been seen by the 
eyes of a white man before. Near 
Coba the road rises sharply and runs 
directly through one ruined temple, 
as though for some ceremonial pur- 
pose. At the western end, at Yaxuna, 
the ruins bearing the name of a 
miserable Indian village of 17 males 
about a mile and a half away, the 
road abruptly ends in the midst of 
unexplored temples and handsome 
monuments. 

As the ancient Maya had no do- 
mestic animals, it is believed that 
their old stone roads were used for 
foot traffic, ceremonial processions, 
and as a path for fleet-footed mes- 
sengers. The rough stone rubble base 
now so visible and inconvenient for 
travel, was rendered perfectly smooth 
and white by a coating of cement 
long since broken by heavy jungle 
growth and climatic conditions. 

Several strange stelae or stone 
monuments were found and, while no 
one has been able to explain their 
significance, they may be markers 
placed at various (Turn to page 188) 
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Cheap Helium 


Helium has been produced at the 
government plant at Amarillo, Texas, 
at a cost which compares favorably 
with that of hydrogen. 

More than a million cubic feet of 
the non-inflammable airship gas, of 
which the United States has a monop- 
oly, was made during January for a 
net cost to the government of $9.64 
the thousand cubic feet, the U. S. Bu- 
reau of Mines, which built and oper- 
ates the plant, reports. Inflammable 
hydrogen, which is still used in lighter- 
than-air craft of other nations, can be 


made at costs varying from $3 to $9 
the thousand cubic feet. 
With greater output the cost of 


helium can be lowered still more. The 
plant did not operate during December 
and February because of lack of de- 
mand. The million cubic feet made 
in January would fill two-fifths the 
volume of the airship Los Angeles. 

Helium contained in the Navy blimp 
C-7, which made the first trip with 
the new lifting gas in 1921 from 
Langley Field, Va., to Washington, 
cost approximately $150 the thousand 
cubic feet. Since that time refine- 
ments in process and volume produc- 
tion have gradually reduced the cost 
of separating the rare element from 
natural gas in which it is found in 
small quantities. 


Chemistry—aA viation 
Science Newa-Letter, March 22, 19380 


Metallic Potsoning? 

The illness which has stricken some 
hundred persons in Oklahoma is baf- 
fling health authorities. Is it due to 
some chemical poison contained in the 
Jamaica ginger which all the patients 
seem to have drunk? Or is it caused 
by some germ? Perhaps this is an- 
other outbreak of meningitis. Fre- 
quently new and mysterious maladies 
turn out to be meningitis upon inves- 
tigation, health officials have recalled 

So far not even a trace of any of 
the commoner metals has been detected 
in the samples of the suspected Ja- 
maica ginger submitted for examina- 
tion, the assistant state health commis- 
sioner of Oklahoma, J. P. Folan, has 
reported to the U. S. Public Health 
Service in Washington. 

The symptoms of the illness seem 
to point to metallic poisoning, Mr. 
Folan said in his report. Most of the 
extract believed responsible for the 
outbreak of illness has been consumed 
or disposed f 

The report of the assistant state 
health commissioner seems to indicate 
that Oklahoma authorities believe the 
chemical rather 


illness was caused by 


than bacterial, or germ, poisoning, 
health authorities pointed out. Possi- 
bly the suspected Jamaica ginger was 
the only common factor in all the 
cases of illness. 

Medicine 


Science News-Letter, March 22, 1930 


1500 Miles for Food 

Milk for New York City’s 10,000,- 
000 metropolitan population is hauled 
by rail an average distance of 300 miles, 
sillings Wilson, deputy manager of 
the Port of New York Authority, has 
determined. 

The average haul of foodstuffs has 
been estimated to be 1,500 miles, he 
declared. This includes shipments from 
Florida, Texas and foreign countries. 

“Old milk cars containing several 
hundred 40-quart cans, covered with 
ice in summer, are gradually being 
displaced by modern glass-lined, vac- 
uum protected tank cars,” Mr. Wil- 
son told the engineers. The milk is 
pumped directly from the cars into 
pasteurizing plants. 


Economics 


Science News-Letter, March 22, 1930 


Taking Temperature 

The health of a Diesel engine is 
now determined by taking its tempera- 
ture. A thermometer in the exhaust 
of these oil-burning, internal combus- 
tion engines, which are increasing rap- 
idly in popularity, can be relied upon 
to show how combustion is proceeding 
in the cylinders, says a recent issue of 
Power. 

Curves have been drawn to give 
operators the correct value of tempera- 
ture for different loads. For example, 
the exhaust temperature of the four- 
stroke cycle, air-injection Diesel is di- 
rectly proportional to the load, the 
points for the curve forming a straight 
line. Its full load temperature is 700 
degrees Fahrenheit. Apparently most 
types of Diesels have a no-load ex- 
haust temperature of about 230 de- 
grees. 

Engineering 


Science News-Letter, March 22, 1930 


Automatic Radio Station 


Ten automatic weather bureaus. 
scattered about by airship on the arc- 
tic ice, equipped to broadcast weather 
conditions three times a day for a 
year without human attendance, are 
contemplated by the International So- 


ciety for Exploration of the Arctic 
Regions by means of aircraft. The 
plans of the society, generally known 


as Aeroarctic, were described by Dr. 
Fridtjof Nansen, its leader. 








a 


IN_VARIOUS C1 


Already an automatic weather ob- 
servatory has been constructed which 
tells the temperature, air pressure and 
humidity by radio for use on a small 
balloon. In inhabited regions, balloons 
are often sent up with small record- 
ing instruments, and the finder is ex- 
pected to return it to the proper au- 
thorities. As there is no one in the 
Arctic regions to perform this service, 
it is necessary to provide the radio 
transmitter. This operates for about 
two hours, sending its observations 
back to the airship base. 

The larger apparatus, like the other 
an invention of Prof. Meltchaneff, 
weighs about 1% tons. It is said that 
ten of these could be carried on an 
airship and dropped on the ice at 
various points. Three times a day they 
would transmit their observations back 
to civilization. By visiting them once 
a year by airship, they could be kept 
in continual operation. 


Radio 
Science News-Letter, March 22, 1930 








Observatory Moving 
Astronomical observatories, with their 
solidly mounted telescopes and_ large 
domes, are not ordinarily thought of 
as wandering institutions, but the Rad- 
cliffe Observatory, at Oxford, is now 
preparing to move permanently to 
South Africa. With its instruments, 
which include a double telescope for 
both photography and visual use, the 
larger lens 24 inches tn diameter, the 
southern skies will be studied. The 
trustees of the observatory have just 
sold their grounds, which extend over 
nine acres, to the Radcliffe Infirmary. 


They have, however, taken a five-year 


lease on the grounds, so that the pres- 
ent researches on the motions of stars 
can be completed. 

Dr. W. H. Steavenson, prominent 
British astronomer and authority on 
optics, is now in South Africa. With 
a 6-inch telescope he is testing the 
astronomical conditions in the neigh- 
borhood of Pretoria, to locate the best 
site for the observatory. 


Astronomy 
Science News-Letter, March 22, 1930 


Algae for Nitrogen 

Bacteria, which have hitherto had 
a nearly complete monopoly on_ the 
important business of capturing nitro- 
gen from the air and making it avail- 
able for the feeding of higher plants, 
may have to yield a part of their 
throne to larger but almost equally 
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Johns Hopkins University, 


humble plants, the blue-green algae. 
Experiments reported to the technical 
journal Science by Dr. F. E. Allison 
and H. J. Morris of the U. S. De- 
partment of Agriculture indicate that 
at least one species of blue green algae, 
kin to the multitudinous plants that 
give color to stagnant water, is able 
to fix nitrogen in considerable quan- 
tity when supplied with normal sun- 
light, or in the absence of sunlight if 
it is given sugar. 

Earlier experiments had indicated 
something of the kind, but the two 
Government scientists wanted to check 
up under more rigid control condi- 
tions, so they repeated the work with 
more elaborate precautions. One of 
the greatest difficulties was to get a 
culture of the algae without any bac- 
teria in it, for bacteria have a habit 
of sticking very tightly to the slimy 
sheaths of the larger plants. They 
finally cleared their algae of the last 
bacterium by irradiating it with ultra- 
violet light, which kills bacteria but 
does not harm the algae in the doses 
used. 


Chemistry 
Science News-Letter, March 22, 1930 


Rate of Radium Decay 


Doubt that radium and allied sub- 
stances can be made to change the 
rate at which they decay into other 
elements is expressed by Mme. Curie, 
discoverer of radium, in commenting 
on experiments by L. Bogojavlensky, 
which were supposed to show such a 
change. 

In 1,750 years half of a given quan- 
tity of radium will have ch: anged into 
radon, or radium emanation, and 
helium. Mme. Curie points out that 
very careful precautions are necessary 
before any change in this rate can be 
established. She has made a number 
of experiments herself, on radium, 
radon and polonium, another radio- 
tive element, by exposing them to the 
action of various rays, and has not 
been able to find any evidence of a 
change in rate. 

Physics 
Science News-Letter, March 22, 1930 


World Birthday Party 
The “dean of American medicine,” 
Dr. William Henry Welch of the 
3altimore, 
will be given an international party on 
his eightieth birthday next April 8. 
President Hoover will speak at the 


celebration in Washington. Other cele- 
brations will be held simultaneously in 
London, Paris, Berlin, Leipzig, Tokio, 
Pekin, Baltimore, Cincinnati, New 
Haven and New York, where friends, 
colleagues and former students will 
gather to honor Dr. Welch. 

The program in Washington will 
be broadcast so that those participat- 
ing at the other ceremonies may hear 
what is said and done at Washington. 
The executive committee in charge of 
the celebration is headed by Dr. Simon 
Flexner, director of the Rockefeller 
Institute for Medical Research and a 
former pupil of Dr. Welch's. 

“America owes more to Dr. Welch 
than can ever be told in any tributes,” 
the committee stated. “Half a century 
ago he began his leadership in modern- 
izing American medicine. Through 
the reforms which he has instituted 
in medical study, through his re- 
searches, the many hundreds of doc- 
tors trained by him, and the vital pub- 
lic health measures which he has in- 
spired, it is literally true that millions 
have benefited from his contribution.” 


Medicine 
Science News-Letter, March 22, 1930 


Mountains Named 


Two noted American scientists, one 
of whom is still living, have received 
the distinction of having mountains 
named for them, at a recent meeting 
of the United States Geographic 
Board. 

A hitherto unnamed peak in the 
Sierra Nevada range, in Fresno Coun- 
ty, Calif.. was named Mount Mer- 
riam, in honor of Dr. C. Hart Mer- 
riam of Washington, D. C., an out- 
standing authority on the classifica- 
tion and systematic distribution of 
animals, and well known also for his 
botanical studies. Standing 13,067 feet 
high at the end of the range, his moun- 
tain is a landmark for the entire sur- 
rounding country. 

A peak a few miles distant from 
Mount Merriam has been named 
Mount Royce, in honor of Dr. Josiah 
Royce, who died in 1916. Born in 
California, Dr. Royce first became a 
geologist and naturalist, but later made 
his reputation as one of the world’s 
leading philosophers. 

A third natural monument named 
at the session of the Geographic Board 
is less than a mountain in size, but 
still imposing. This is Rodley Butte 
in the Umpqua National Forest in 
Oregon. It was named for Oscar Rod- 
ley of the Forest Service, who met 
his death by drowning in 1928. 

Geography 
Science News-Letter, March 22, 1930 
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Philadelphia Ruins 


The ruins of Philadelphia 
been the subject of research by a Ger- 
which 


have 


man archzological expedition, 
conducted preliminary surveys and de- 
termined the outlines of the principal 
streets of the forsaken city. Members 
of the party, however, have expressed 
great regret and disappointment ovet 
the fact that the farmers of the sur- 
rounding region were permitted to 
cart off the rubbish that covered most 
of the ruins, and even to carry away 
the building materials themselves, so 
that further scientific work has be- 
come impossible. 

This is not the opening paragraph 
of an imaginative tale of 3030 A. D. 
Neither is it the story of what might 
have happened if the Great War had 
turned out differently. It is a sum- 
mary of a sober scientific article in 
the German journal Forschungen und 
Fortschritte, written by Prof. Dr. Paul 
Viereck of Berlin. 

The Philadelphia which he visited, 
and in which he conducted researches 
which were concluded mostly before 
the war, was once a town in the 
Faiyum, a valley oasis some distance 
southwest of Cairo, Egypt. It was, 
as its name suggests, Greek in origin. 
It was founded by a monarch of the 
house of the Ptolemies, which was set 
over Egypt by Alexander the Great 
and continued to rule until it was ex- 
tinguished by the suicide of Cleopatra. 
There were at least two other Phila- 
delphias in the ancient world, one in 
Palestine and the other in Asia Minor. 

This Philadelphia of the Faiyum, 
Prof. Viereck states, seems to date 
from the third century B. C.; it was 
abandoned some time early in the 
Christian era. Like its modern name- 
sake, it was laid out with straight 
streets in a checkerboard pattern, ori- 
ented to the points of the compass. 
The German expedition’s hopes of 
making a detailed excavation of the 
whole town were defeated by the in- 
roads of the Egyptian peasants, who 
removed the rubbish to use as ferti- 
lizer on their fields, and later carried 
off the bricks from the ancient walls. 

The program of excavating a whole 
ancient town, to find out what the 
lives of the common people of ancient 
Egypt were like, was later realized by 
an American expedition, sent out by 
the University of Michigan, which ex- 
cavated the ruins of a nearby Greco- 
Egyptian town, Karanis. 

Archaeology 
Science News-Letter, March 22, 1930 
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Trans-Neptunian Planet—Continued 





in which the Lowell planet has ap- 
peared, he saw something strange. 
Instead of a tiny point of light, like 
the thousands of stars that flashed 
across his view, this was a disk of 
light. Always modest, he did not 
suppose that he had found a new 
planet, the first such discovery ever 
recorded, but suggested that it might 
be a comet. But as the object was 
watched and watched, its character 
as a planet was established. This 
brought fame to Herschel as an 
astronomer, King George III, then 
on the throne, gave him a pension, 
and requested that he move to 
Slough, near Windsor Castle. 
Herschel gave up his music, devoting 
his life to a study of the stars and 
becoming one of the greatest astron- 
omers of all times. The discovery of 
Uranus made this possible. 

Incidentally, the name that Her- 
schel proposed for the planet was 
not Uranus, but “Georgium Sidus,” 
in honor of the king. English as- 
tronomers later suggested that it 
be called Herschel, and this name 
was actually used for a time in Eng- 
land. Finally, however, the sugges- 
tion of the German astronomer, 
Johann Elert Bode, prevailed, and it 
was named Uranus, thus according 
with the mythological names given 
the inner planets. 

Great as was Herschel’s discovery, 
Uranus was literally waiting to be 
picked up by some keen eye. Bright 
enough to be just visible to the 
naked eye under conditions 
when one knows just where to look, 
it could not have long avoided dis- 
covery as telescopes became more 
But the next discovery 
was of a different kind, for before 
it was seen in the sky, it was de- 


good 


numerous, 


tected in a mass of figures in a long 
and involved calculation. 

Uranus had only been observed a 
few years when it was found that 
it did not move as it should, accord- 
ing to Newton’s laws. The pull of 
Saturn and Jupiter, its nearest and 
largest brother planets, were allowed 
for, but even so there was a discrep- 
By 1845 this was about two 
about a fifteenth of 
the moon’s diameter. This was the 
difference between where Uranus 
should be and where it was actually 
A number of suggestions 
rather obvious 


ancy. ; 
minutes of arc 


observed. 


were made, one—a 


one—being that it was due to the 
gravitational pull of a farther and 
unknown planet. But 


that anyone 


could figure out from the discrep- 
ancy the location of the unknown 
planet seemed to many to be a hope- 
less task. 

A 35-year-old French astronomer, 
Urbain Jean Joseph Leverrier, de- 
cided that he could do it. In Sep- 
tember, 1846, he completed his la- 
borious computations and wrote to 
Johann Gottfried Galle, then an as- 
sistant at the Observatory at Berlin, 
the following: 

“Direct your telescope to a point 
on the ecliptic in the constellation of 
Aquarius, in longitude 326°, and you 
will find within a degree of that 
place a new planet, looking like a 
star of about the ninth magnitude, 
and having a perceptible disk.” 

On the night of September 23 
Galle turned his telescope to this 
point. He had an accurate map of 
the stars in this region, so all he had 
to do was to check each on the map 
against those in the sky. The extra 
one in the heavens, then, must be 
the planet. Within half an hour 
after he started looking, he found 
the stranger within 52 minutes, less 
than a degree, of the place that 
Leverrier had indicated. The tele- 
scope that he used is today preserved 
in the great German Museum at 
Munich. Galle lived to the age of 
98 and died as recently as 1910. 

Though Leverrier and Galle were 
the first to make the planet known 
to the world, an Englishman, John 
Couch Adams, deserves just as much 
credit as the Frenchman. In the 
autumn of 1845, this young student 
at Cambridge, then 26, completed his 
calculations, with no suspicion of 
Leverrier’s similar efforts across the 
Channel. He called at the Green- 
wich Observatory, in London, to pre- 
sent his results to the Astronomer- 
Royal, Sir George Airy. But that 
gentleman was at dinner when he 
called, and the butler declined to dis- 
turb him. Adams left his paper, 
which Sir George acknowledged, but 
then pigeon-holed. 

By July, 1846, however, after Le- 
verrier had published two prelimi- 
nary papers on the subject, Sir 
George became interested, and asked 
Prof. Challis, at Cambridge, to look 
for the planet. Challis, however, had 
no maps of the region and so he had 
to measure the position of a number 
of stars, night after night, to de- 
termine which was moving, for the 
planets move among the stars. But 
he had started too late, and while 


he was still searching, Galle won the 
race, and Adams, through no fault of 
his own, lost the honors that might 
have been his. Then it turned out 
that Challis had actually measured 
the new planet twice, the first time 
early in August, but had not analyzed 
his observations to determine which 


object was the planet. Further 
checking of older records showed 
that another French astronomer, 


Lalande, had actually noted it 50 
years earlier, without knowing what 
it was. 

The planet was named Neptune by 
the French, with a touch of sarcasm, 
it has been said, because England 
ruled the seas, and they were jealous 
of the apparent attempt of England 
to take their honors away from them 
by pushing the claims of Adams, 

Neptune revolves once in its orbit 
around the sun in 165 years, so that 
since its discovery it has made just 
half a revolution. Uranus, however, 
with a year equal to 84 of ours, has 
made about two revolutions. If there 
were to be any gravitational pull by 
still another planet, the more rapidly 
moving planet would show it best. 
Sure enough, a slight discrepancy 
was noticed in the motion of Uranus 
that could not be explained by the 
attraction of any known body. It is 
only about 5 seconds, a_ twenty- 
fourth as large as it showed in 1845. 
Lowell took advantage of this dis- 
crepancy but his was a task far 
more difficult than that of Leverrier 
or Adams. 

The observations were not so easy, 
either. Lowell died in 1916. Finally, 
last year, after various delays, the 
Lowell Observatory obtained a new 
telescope, furnished by his brother, 
Dr. A. Lawrence Lowell, president of 
Harvard University. This has a 
photographic lens 13 inches in diam- 
eter with a focal length of 63 inches, 
so that it is really a huge camera. 
Covering a wide area of the sky, it 
is especially adapted to the search 
for a planet, and after a year of 
study of photographs made with it, 
the planet was found. C, W. Tom- 
baugh was the astronomer who first 
actually observed it, but to the en- 
tire Lowell Observatory staff, in- 
cluding its director, Dr. V. M. Slip- 
her, his brother E. C. Slipher, Dr. 
C. O. Lampland, K. P. Williams, T. 
B. Gill, G. H. Edwards and J. C. 
Duncan belongs the credit for the 
third planetary discovery. 
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By Frank Thone 





The Tastes of an Octopus 


That “there is no accounting for 


tastes” is one of the most ancient of 
proverbs. If tastes are difficult to ac- 
count for in the familiar human 
sphere, they are simply beyond com- 
prehension in the weird world of the 
waters. There tastes and smells come 
to the inhabitants through the same 
medium, and are indistinguishable one 
from the other. 

So, at least, a noted German natu- 
ralist found some time ago, when he 
was experimenting with the taste-smell 
sense of the octopus. The creature 
showed no differentiation between the 
two senses, and reacted in only two 
ways, according to whether it liked or 
disliked the “taste-odor” which the 
scientist introduced into its tank. It 
tried to capture the agreeable ones, 
like fish juice, and it tried to get away 
from the ones it did not like or could 
not understand. 

Curiously enough, the octopus seems 
to taste (or smell) with its arms. The 
experimenter killed an octopus, cut off 
its arms, and dropped fish-juice into 
the water. Instantly the severed limbs 
writhed toward the attractive taste- 
odor. 

The chemical sense of the octopus 
is very acute, the experiments showed, 
especially toward strange or disagree- 
able taste-odors. Musk seems to be a 
particular aversion of the octopus (is 
one of its enemies musk-scented?), 
for it tries to escape from traces so 
minute that they cannot be measured 
by the methods of chemical analysis. 
It will endure a measurable concen- 
tration of quinine, about five thou- 
sandths of one per cent. Acetic acid, 
the essential part of vinegar, will make 
it move at a concentration about five 
times that great, but the much stronger 
hydrochloric acid does not affect the 
many-armed mollusc at any strength 
under one hundredth of a per cent. 
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THE 
NEW SCIENCE 
SERIES 


The Most Eminent Men of Our Day Have Written These Books 








This Bookrack FREE! 


With the purchase of a complete set 
of THE NEW SCIENCE SERIES 
you will be given a beautiful red 
bookrack, 2'4 x 18%, into which the 
21 volumes of the series fit com- 
pactly. The color scheme of the 
rack carries out the red and black 
of the jackets so that this item as 
a whole becomes an attractive part 
of the decoration of the room in 
which it is placed. At this season 
of the year, this set presents itself 
at once as a useful gift of knowl- 
edge and as a colorful, cheerful bit 
of decoration. 











Among the Contributors: 


T. H. MORGAN 
One of America’s foremost biolo 
gists, a noted authority on heredity 
and genetics. 


BRONISLAW MALINOWSKI 
The distinguished Polish anthro 
pologist, now of the University of 
London. 


JOHN B. WATSON 
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gist, founder of Behaviorism. 


WILLIAM MORTON 
WHEELER 
Professor of Entomology at Har 


vard University. 
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The famous arctic explorer, voyager 
and colonizer turns to thought and 
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HY resort to ‘‘popularizers’’ of 

science, when from Galileo and 
Copernicus to Darwin and Morgan, 
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A Micro-Projector for 
Every High School 


The new Bausch & Lomb Micro-projector is an 
instrument simple in operation and low in price. 
Every high school can afford one. 


This micro-projector has three applications. It may 
be used for projection of permanently mounted 
specimens, for specimens mounted in water and 
for making drawings of microscopic fields. 


It consists of a lamp housing fitted with proper 
condenser and illuminating unit, to which is at- 
tached the upper part of the B & L AA Micro- 
scope. Either the microscope or the illuminating 
unit may be purchased separately. 


We shall be glad to send you complete informa- 
tion upon- your application. 
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Maya Road—Continued 





distances along the road. On the side 
of each of these stelae there is cut into 
the stone a perpendicular line with two 
small crosswise lines at top and bottom 
and a longer crosswise line in the mid- 
dle. In addition to this strange cross de- 
vice, there may have been writings 
on the other side of the stone which 
climatic conditions have defaced. 
Should further research show that 
these stelae do actually mark dis- 
tance it will be an interesting con- 
tribution to our knowledge of the 
Maya since no indication has pre- 
viously been obtained that the Maya 
had a unit of length measure. 

The road between the two ruined 
cities is elevated from the surround- 
ing terrain by retaining walls of 
heavy stone of various heights, de- 
pending upon the irregularity of the 
ground. The roadbuilders attempted 
to keep the road level so far as pos- 
sible. We did not follow every foot 
of the road, but our party penetrated 
into the unexplored regions from the 
two ends of the road sufficiently far 
to convince us that the road runs 
directly between the two cities. Some 
fifteen miles from the Yaxuna end, 
a branch of the road runs off toward 
the northwest. The existence of this 
branch was hitherto unknown. 

So well did the ancient Maya build 
that it would seem feasible not long 
in the future for modern engineers 
to improve the ancient road and 
make it passable for automobile traf- 
fic. Then it would be possible to 
speed from ancient Coba to ancient 
Yaxuna in a few hours. A week or 
more of mule-back traveling is now 
necessary. 
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A Valuable Weed 
ILKWEED, once considered as 
a possible source of rubber but 
long since dismissed, may yet become 
a useful crop plant, in the opinion of 
Dr. Fisk Gerhardt of the lowa Agri- 
cultural Experiment Station. 

In a report to /ndustrial and Engi- 
neering Chemistry, Dr. Gerhardt shows 
that milkweed compares favorably 
with other plants of commercial value, 
such as flax and kapok. He reports a 
vield of 30 bushels of seed, 280 
pounds « of floss, and one ton of air- 
dry stems per acre. He finds that its 
seeds are rich in oil, that its seed fibers 
are buoyant and do not absorb water 
readily, and that its stem fibers com- 
pare favorably with hemp and flax. 

Analysis shows that the dark brown 
seed of the milkweed is similar in 
composition to that of several of our 
crop plants. It contains 21.2 per cent. 
of oil, as compared with 19 per cent. 
in cotton seed, and 33 per cent. in flax 
seed. It is classified as a semi-drying 
oil. By bleaching it is possible to make 
it a clear, colorless product similar to 
various plant oils now in use as food. 

The fibers just beneath the bark and 
along the outer surface of the woody 
stem are soft, pliable, almost white, 
and resemble flax very closely. 

The silvery white seed fibers of the 
milkweed plant have been called ‘the 
cotton of the north.” All attempts to 
use them in the textile industry, how- 
ever, have so far failed, as the fibers 
are rather brittle. Nevertheless they 
do have a low moisture absorption and 
a high degree of buoyancy. These 
specific qualities make them especially 


fitted for use in playground equip- 
ment, life savers, and insulating ma- 
terials. They resemble kapok in these 


respects. 

“With the pronounced increase in 
our consumption of cellulose,” Dr. 
Gerhardt says, “it becomes obvious 
that our future supply will of neces- 
sity originate in annual plants rather 
than in those plants requiring years to 
attain sufficient maturity, such as trees. 
In the development of future sources, 
the by-product return in the form of 
oils, gums, resins and protein concen- 
trates will continue to be a factor of 
prime importance. The commercial 
demand for these latter commodities 
is gradually approaching in magnitude 
that of our cellulose industries. Among 
the primary problems, then, now con- 
fronting the chemist and plant breeder 
are those concerned with further ex- 
ploitation of our present cellulose 
wastes and the development of our 
most promising sources of fibrous ma- 
terials.” 
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Traces of Sloth, Man Found ‘Together 


Paleontology 


URTHER evidence of the possible 

contemporaneous existence of man 
and ground sloths, extinct camels and 
other ancient animals has been found 
in Gypsum Cave near Las Vegas, 
Ariz., by the joint expedition of South- 
west Museum and the California Insti- 
tute of Technology. Eleven feet deeper 
than the sloth bones previously re- 
ported as associated with human re- 
mains in the same cave, the party has 
discovered camel bones and the bones 
of the native American horse, which 
had been extinct for many centuries 
before the coming of the white man. 
Two hoofs, with the original horny 
covering still in place, were a part of 
the latter find. 

The cave has also yielded deeply 
buried archzological remains, includ- 
ing articles of human manufacture and 
charcoal, associated with sloth guano. 
This suggests, though it does not de- 
finitely prove, association between hu- 
man beings and living ground sloths. 

This new discovery puts forward 
once more the question that has beeri 
raised repeatedly in the Southwest 
during recent years, of the possible 
great antiquity of man on this conti- 


nent. It has been taken for granted 
that ground sloths, native horses, and 
American camels were extinct for 
many thousands of years before the 
coming of man to America. Some 
estimates put the gap as wide as 100,- 
OOO years. 

However, if the researches now in 
progress here and elsewhere do finally 
demonstrate that human beings and 
these animals lived side by side, it 
will still not prove that man was here 
100,000 years ago. It may be that the 
animials survived their officially an- 
nounced date of demise, and lingered 
on until eight or ten thousand years 
ago, when even conservative estimates 
of the antiquity of man will admit hu- 
man immigration into the western 
world. 
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10,000 feet 
of the 


An observer who rises 
can see 50,000 square miles 
earth. 

Among the industrial enterprises 
of ancient Phoenicia was the work- 
ing of lead mines in Spain from 
which place they distributed the metal. 
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ELEMENTS OF 
CHEMISTRY 


By Harry N. Hormes, Professor 
of Chemistry, Oberlin College, 
and Lours W. Mattern, Head 
Teacher of Chemistry, McKinley 
Technical High School, Wash- 


ington, D. C. 


The authors maintain that an in- 
telligent appreciation of the indus- 
trial life of the nation and of the 
foundations of world power is no 
longer possible without some knowl- 
edge of chemistry. Hence, in this 
elementary textbook, they set out to 
convince the student that his own 
personal safety, pleasure, 
health, and well-being are dependent 
upon chemical reaction. By the use 
of “Problems Yet to Be Solved” the 
subject matter is given spice and 
interest with the lure of the un- 
known and the conviction of the 
wonderful service that chemistry can 
give to the world. 


comfort, 


The textbook has several distinctive 
features: organic chemistry, from 
carbon to nutrition, is held together 
us one section of related effort; prob- 
lems dealing with gas law correction 
relegated to the appendix to be 
selected according to the needs of 
the classes; the electronic explana- 
tion of valence and oxidation and 
reduction are also in the appendix; 
considerable space is devoted to the 
chapters on fuels and colloidal dis- 
persions, extending the treatment of 
molecular dispersions on true solu- 


tions. 


Fabrikoid. 12°, ill. 520 pages. $1.80. 
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more in the weapon than in the un- 
certain bases on which it rests. But 
to learn of the general solution and 
the limitations of a problem is really 
as instructive and important as if it 
permitted specifically of exact predic- 
tion. 

For that, too, means advance. 

Summary 

69. This investigation 
the following : 

1. By the most rigorous method, 
that of least squares throughout, tak- 
ing the perturbative action through the 
first powers of the excentricities, the 
outstanding squares of the residuals 
from 1750 to 1903 have been reduced 
71% by the admission of an outside 
perturbing body. 

2. The inclusion of further terms 
yielded solutions in accordance with 
the first. 

3. Solutions taking the years 1690- 
1715 also into account agreed sub- 
stantially with those from the years 
1750-1903. 

4. So did those in which the addi- 
tional years to 1910 were considered. 

5. The second part of the investiga- 
tion, in which the solutions were made 
for the second powers of the excentri- 
cities as well, gave conformable results. 

6. When the probable errors of 
observation were reckoned, the out- 
standing squares of the residuals of 
theory excluding an outside planet 
proved to have been reduced by its ad- 
mission from 90% to 100% nearly, 
the solutions seeming to confirm one 
another. 

7. Though this would indicate an 
absolute solution of the problem, it 
must be remembered that the actual 
as against the probable errors of ob- 
servation might decidedly alter the re- 
sult; and so might the terms above 
the squares in e and e’ necessarily left 
out of account. 

8. The investigation disclosed two 
possible solutions in each case, one 
with the mean longtitude of the epoch 
around 0°, one with it around 180°; 
and that this duality of possible place 
would necessarily always be the case. 

9. On the whole, the best solutions 
for the two gave: mean longitude of 
epoch around 0°: epoch 22°.1; semi- 
axis 43.0; mass 1.00; excentricity 
.202; place of perihelion 203°.8 helio- 
centric longitude July 0, 1914—84°.0: 
mean longitude of epoch around 180°: 
epoch 205°.0; semi-axis 44.7; mass 


establishes 


1.14; excentricity .195; place of peri- 


helion 19°.6; heliocentric longitude 
July 0, 1914—262°.8: the unit of mass 
being 1/50,000 the mass of the Sun. 

10. It indicates for the unknown a 
mass between Neptune's and _ the 
Earth’s; a visibility ot the 12-13 mag- 
nitude according to albedo; and a disk 
of more than 1” in diameter. 

11. From the analogy of the other 
members of the solar family, in which 
excentricity and inclination are usually 
correlated, the. inclination of its orbit 
to the plane of the ecliptic should be 
about 10°. This renders it more diffi- 
cult to find. 

12. Investigations on the perturba- 
tion in latitude yielded no trustworthy 
results. This is probably because the 
excentricity as well as the planet's 
other elements enter as data into the 
latitude observation equations. 

13. The perturbative function is not 
discontinuous at the commensurability 
of period points, a fact hitherto in doubt. 

14. That when an unknown is so 
far removed relatively from the planet 
it perturbs, precise prediction of its 
place does not seem to be _ possible. 
A general direction alone is predictable. 
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New Comet 

EYER’S comet, discovered on 

} March 11 by an astronomer at 
the Hamburg Observatory in Ger- 
many, has been observed by Prof. 
George Van Biesbroeck, at the Yerkes 
Observatory, Williams Bay, Wis. 
This announcement was made by the 
Harvard College Observatory. 

Prof. Van Biesbroeck observed it 
on the night of March 13. Then it 
was in the constellation of Auriga, the 
charioteer, now high in the southwest- 
ern evening sky. Astronomically, its 
position was 6 hours 5 minutes 10 sec- 
onds right ascension and 33 degrees 
25 minutes and 14 seconds north de- 
clination. It is still moving north- 
wards, and is of the tenth magnitude, 
visible only in a medium-sized telescope. 

According to word received at the 
Harvard Observatory from Europe, 
it has been found that photographs of 
this part of the sky made by Prof. 
Prager at the University of Berlin’s 
Observatory also showed the comet, 
though it was not recognized until Dr. 
Beyer’s discovery. These early posi- 
tions, however, will greatly aid in cal- 
culating the comet’s path. Three 
separate observations are required to 
compute an orbit, and the farther apart 
they are, the more accurate is the 
result. 


Aatronomy 
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ScIENCE AND THE NEw CIVILIZzA- 
qion—Robert A. Millikan—Scribner’s 
($2). Eight stimulating essays by 
one of America’s leading physicists are 
here gathered together into an attrac- 
tive book. In the one on “Available 
Energy” he effectively dispels the fear 
that some human control over atomic 
disintegration might start a process 
which would not stop until our entire 
earth had vanished. “The great ma- 
jority of the elements, such as consti- 
tute the bulk of our world, are in their 
state of maximum stability already,” 
he declares. Some other chapters are 
on “The Last Fifteen Years of 
Physics,” “Michelson’s Econom ic 
Value” and “Alleged Sins of Science.” 

General Seience 
Science News-Letter, March 22, 1930 


HaANpDBOoK OF CHEMICAL MICcRo- 
scopy—Emile Monnin Chamot and 
Clyde Walter Mason—Wiley ($4.50). 
Prof. Chamot, of Cornell, has probably 
done more than any other scientist to 
make the microscope an important in- 
strument of the chemical laboratory. 
In this first volume of his new work 
he deals with the principles and use of 
the microscope and its accessories, and 
physical methods for the study of 
chemical problems. Volume II, in 
preparation, it is announced, will deal 
with chemical methods and inorganic 
chemical analysis. 


Chemistry 
Science News-Letter, March 22, 1930 


Wave Mecuanics—H. T. Flint— 
Dutton ($1.25). <A brief and authori- 
tative discussion of the most recent 
developments of physics—the new 
method of approach to atomic prob- 
lems called wave mechanics and based 
on conceptions of continuity. 

Physics 
Science News-Letter, March 22, 1930 


PriNcIPLES OF Rapro—Keith Hen- 
ney—Wiley ($3.50). An exhaustive 
and thoroughly modern summary of 
the fundamentals upon which radio 
is based, containing valuable informa- 
tion for anyone who wants to know 
more of what makes the radio go. 


Radio 
Science News-Letter, March 22, 1980 


THe TeERMINOLOGY OF PHYSICAL 
Scrence—Duane_ Roller—Univ. of 
Okla. ($1). A useful compilation of 
common physical terms and _ their 
meaning, as well as a list of scientific 
words commonly mispronounced. 


Physics 
Science News-Letter, March 22, 1930 


PsycHoLtocGy NORMAL AND ABNOR- 
MAL—J. W._ Bridges — Appleton 
($3.50). Medical students and full- 
fiedged physicians are the audience to 
which this text book is addressed. It 
is unusual, in that it brings under one 
book cover both the normal psycho- 
logical functions of the human being 
and also rather briefly the abnormali- 
ties arising from mental and nervous 
disorders. Both introspective and 
behaviorist viewpoints are considered. 


Psychology 
Science News-Letter, March 22, 1930 


GeoLtocy: PrysicaL AND Histori- 
caL—H. F. Cleland—American Book 
Co. ($3.60). A new edition of a text- 
book that has passed through two suc- 
cessful issues. The author is espe- 
cially happy in his illustrative dia- 
grams, and many of his photographs 
which are as clear as diagrams 


Geology 
Science News-Letter, March 22, 1930 


To Becin Witn—Raymond Pearl 
—Knopf ($2). A new and revised 
edition of Prof. Pearl’s stimulating 
“prophylaxis against pedantry.” 

General Science 
Science News-Letter, March 22, 1930 


Tue Lower Triassic CEPHALOPOD 
FAUNA OF THE Fort DouGLas AREA, 
Utran—aAsa A. L. Mathews—Univer- 
sity of Chicago Press ($2). A mono- 
graphic account of the coiled kin of 
the nautilus that once swam in the 
seas that are now the Great American 
Desert. 


Paleontology 
Science News-Letter, March 22, 1930 


Tue Stars—George Forbes—Cape 
and Smith (60c). A little book (118 
pages) with a_ surprisingly large 
amount of stellar information, includ- 
ing Orion, the spectra, stellar motions 
and variable stars. An excellent in- 
troduction to astronomy, and _ the 
bibliography will show where to go if 
this sample is appreciated. 


Astronomy 
Science News-Letter, March 22, 1930 


THe THrrTEEN-MontH CALENDAR 
—Julia E. Johcensen—Wilson (90c). 
A complete compilation of material 
for and against the method of calendar 
reform by the addition of a new 
month. Intended chiefly for debate 
material, the book will be of interest 
to anyone who wants first-hand in- 
formation on this proposed reform. 


Chronology 
Science News-Letter, March 22, 1930 





Tue Art or Sounp Picrures— 
Walter B. Pitkin and William M. 
Marston—A ppleton ($2.50). Dr. Pit- 
kin, a well-known writer, and Dr. 
Marston, a prominent psychologist, 
now both connected with the Equitable 
Pictures Corporation, have here col- 
laborated to produce the first book 
telling how to write for the talkies. 
If you have ambitions to hear your 
literary labors bellowed forth from 
thousands of loud speakers in the 
talkie theaters, and to share some of 
the profits, this book tells you how to 
go about it. 

Motion Pictures 
Science News-Letter, March 22, 1980 

CuasinG Ectipses—Rebecca R. Jos- 
lin—Walton ($3). After two unsuc- 
cessful attempts (in 1905 on account 
of a cloud and in 1914 on account of 
a war), the author finally succeeded, 
along with 20,000,000 or so other peo- 
ple, in seeing an eclipse of the sun in 
1925. In this little book she tells in 
an entertaining manner of her wan- 
derings, and while it contains little 
astronomy it is well worth reading for 
the travel experiences. 


Travel 
Science News-Letter, March 22, 1920 


A B C or Teteviston—Raymond 
Francis Yates—Henley ($3). A com- 
prehensive treatise on this important 
new art that will enter our homes be- 
fore many more years have passed. 
The author gives a history of tele- 
vision, giving full credit to an often 
forgotten pioneer, Paul Nipkow, and 
after developing the theory, modern 
methods, and possibilities of the future, 
he gives full details for simple experi- 
ments that the radio fan can perform. 

Television 
Science News-Letter, Marcn 22, 1930 

Diet AND Erriciency—Harold H. 
G. Holck— University of Chicago 
Press ($1). A report of a 5-year ex- 
periment attempting to get objective 
evidence of any effects of “fletcher- 
izing” or thorough to excessive masti- 
cation of food. 

Nutrition 
Science News-Letter, March 22, 1930 

PuysioLocicaL Cuemistry—R. C. 
Erb—Chemical Publishing Co. 
($4.50). An extremely short text- 
book on_ physiological chemistry. 
Overloaded with structural formulae, 
written by the professor of chemistry 
at the Philadelphia College of Osteop- 
athy. 

Chemistry 
Science News-Letter, March 22, 1930 
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Meeting the Needs of Everyday Life 
by John Mantle Clapp 


Lecturer on Speech, New York University; formerly Professor of English, Illinois College, 
Indiana University, Lake Forest College; co-author of ‘‘ How to Talk’’ 


and Homer Heath Nugent 


Professor of Rhetoric, Rensselaer Polytechnic Institute ; 
author of ‘‘ A Book of Exposition’’ 


schoolroom exercises, 


You think of it in terms of jobs to be done—of 


_ AN ADULT, you do not think of writing as a matter of abstract 


notes, memoranda, letters, reports, instructions or whatever other writing you 


must do in your business, social, and private affairs. 
have 
They have dealt almost exclusively with 


Heretofore, books on writing 
students or for professional writers. 


form and arrangement, with the detail technique of writing. 


been written either for immature 


Now in this 


new book, ‘‘ How to Write,’’ you are offered specific methods to guide you in 
accomplishing the purpose you have in mind when you sit down to write, no 
matter what type of writing you wish to do. 

This book is designed solely to meet the practical requirements of 


adults 


into written form with less effort and with greater effectiveness. 
It shows you exactly what points you must keep in mind 
It shows you exactly what steps you 


the whole problem. 
in each type of writing that you do. 


of men and women who wish to develop their power of putting ideas 


It simplifies 


have to take to produce the desired effect on any reader. 


LTHOUGH no book has ever before 

been written from this viewpoint, the 
methods explained are by no means experi 
mental. They have been developed by the 
authors over a long period of years and 
proved sound in working with hundreds of 
wished to master the 
In many cases the 


adult students who 
art of effective writing. 


ideas now brought together in this new 
book have effected almost phenomenal im 
provement within a remarkably short time. 


All the material you’ll need for practice 
you’ll find in the writing you have to do 
everyday. ‘‘How to Write’’ shows you how 
to make use of this material to develop the 
expert skill you without having to 
go elsewhere for artificial exercises. It gives 
the kind of help you’ve always 

but could never find. 


desire 
you just 
longed for 


EVER before within the cevers of one 
book has been much in 
formation on simple and practical methods, 
that can be applied to meet the needs that 
faces. It is manifestly impos 


assembled so 
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plus 


sible within limited space to outline more 
than partially a work of this great scope. 
In the condensed outline below, therefore, 
we have been forced to omit scores of im 
portant topics with which ‘‘ How to Write’’ 
deals. You need personally to examine a 
copy of the book itself to see how much as 
sistance it offers you on the specific points 
that bother you. 


Special Examination Offer 


Will you let us send you a copy of ‘‘ How 
to Write,’’ delivery charges prepaid and 
without advance payment, so that you can 
form your own opinion about the value of 
this new book? 

Fill in and mail the coupon—the book 
will be sent you at once on this approval 
basis. If you do not feel that its purchase 
will prove one of the best investments you 
ever made, just return it to us and that 
ends the matter. Otherwise remit $5.00 in 
full payment. 


~ ls al 
PARTIAL CONTENTS: 
Getting the Right Viewpoint 
The Problem You Face. Points that you must 
consider in making an accurate record of your 
thought. Communicating your thought effective 
ly to another mind. 


How to Study This Subject. In studying writ- 


ing you are studying an action—not isolated 
rules for words or sentences but how to build 
ideas together. The key to success is analysis 


of the situation, the relation between yourself 


and the reader in each special instance. 
The Problem of Accurate Statement 


Studying the Art of Writing. The place to be- 
gin How to put your own records, memoranda, 
and plans in a form that you can safely depend 
on for future use. 

Discovering What's in Your Mind. Examining 
what is involved in the act of crystallizing your 
thought on a given matter. ‘Finding practical 
ways of improving your methods 


Recording Your Thought. Short-cut methods 


for checking the accuracy of your thought. 


Sent Postpaid for 5 Days’ FREE Examination 
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Writing to Friends 

The Prebiem of Reaching Other Minds. Ways 
of making yourself remember that your reader’s 
mind works differently from your own. How to 
allow for differences; how to take advantage of 
similarities. 

Personal Letters—Their Nature and Purpose. 
Your personal letters can teach you methods of 
making any writing interesting. How to say 
what needs to be said without giving offense. 

Arranging Ideas for Suggestion. How to apply 
the psychology of suggestion in the effective ar- 
rangement of your ideas. Using the ideas you 
gain in writing personal letters to express your 
ideas with urbanity and tact in all your writing, 


Writing in Business and Professional Life 
Business Writing—Its Nature and Scope. Ef- 
fective methods for handling the most universal 
and important of all kinds of writing. 
Reports. How to make sure that 

adequately meet their purpose. 


your reports 


Instruction. How to prepare instructions that 
will be understood and followed. Dangers to 
guard against. Instructions to workmen; to ex- 
ecutives. 


Business Letters—The Procedure of the Big 
Firm. How big firms have mastered the two-fold 
prablem of volume correspondence: economical 
standardization and individuality of tone. 

Letter Problems of the Small Firm and the In- 
dividual. How the small firm and the private in- 
dividual can apply to their own needs the letter 
technique developed by the huge corporation. 


Addressing the Public 


Addressing a Circle of Readers. How to make 
your message complete so that it will hold the 
interest of any mind. 

Information Articles. Meeting the problem of 
conveying specific information. How to write 
papers on professional topics so as to be accu- 
rate but at the same time readable. 

Writing a Long Paper. Special points to con- 
sider when you have extended writing to do. 
How to sustain attention; how to focus interest 
on points of chief importance. 

Writing to Get Action. How to apply to your 


own special needs, the technique of persuasion 
writing developed by professional advertising 
writers. 


Writing for Your Own Pleasure 


Self-Expression—The Pleasure of Working Out 
a Literary Form. The amusement you can get 


from turning the skill developed in practical 
writing to your own entertainment and that of 
others. 


Some Prose Patterns— Effective writing of 


diaries, reminiscences, accounts of travels, epi- 
grams, informal essays. 

Stories. How to tell a story well. Relating a 
personal experience in entertaining narrative 
form. Humorous stories 

Verse Patterns. Types of verse we all can 


write. Mechanics of verse form limericks, ballads, 
and other forms. 


Language—The Medium of Communication 
The Question of Colloquialism. The place of 


colloquial expression in writing. Cautions. An 
outline of the history of our language and its 


bearing on current problems of usage. 

Words. Practical points regarding grammar 
which need to be kept in mind. Types of sen- 
tences. Effective paragraphs. 
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